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ABSTRACT

The deployment of next generation broadcast
platforms for HDTV and IPTV offers the
opportunity to utilize advanced video and audio
codecs, as permitted by recent revisions to ETSI
specifications TS 101154 and TS 102005. In
addition to bandwidth savings, new audio codecs for
these applications will likely need to support
additional features within their platform lifetimes,
including 7.1-channel surround sound and improved
provision for the visually impaired. Support for the
latter feature is increasingly being mandated by
broadcast regulators in Europe and elsewhere.

This paper specifically considers the requirements
for audio mixing features within next generation
broadcast audio codecs. Audio mixing enables
enhanced services, such as audio description for the
visually impaired or director commentaries, to be
offered at efficient total data rates. This can be
achieved by transmitting an additional bit rate-
efficient channel of commentary, which is mixed
dynamically with the main program audio within
the audio decoder of a standard home set-top box.

It is concluded that mixing audio streams in the
coded domain within a single standard audio
decoder offers significant advantages over other
approaches. These include simplicity of
implementation, improved audio quality and
connectivity to home audio equipment. The
importance of implementing metadata control of the
mixing feature is highlighted, and requirements for
appropriate production and encoding tools are
discussed.

1. INTRODUCTION

This paper discusses a new approach to offer support
for audio description (AD) and other advanced
services in broadcast receiver devices such as set-top
boxes or TV sets through the introduction of a mixing
component within the audio decoder.

Mixing solutions in broadcast receivers that support
two-channel mixing have been available for quite
some time now. The main and associated audio tracks
are presented using one of the common broadcast
audio codecs for stereo such as MPEG-2 Layer II and
then mixed at the user’s option upon decoding. Some
broadcast standards such as DVB [2] use defined
mixing metadata for this purpose in order to support
codec-agnostic mixing in the receiver device. This
approach is often referred to as receiver-mix.
However, in these cases functionality is limited,
usually requiring the user has to choose between the
audio description services and multichannel surround
sound. Although the syntax of the DVB specification
describes how to pan an audio description source
within a 5.1 surround signal, it has not yet been
implemented.

Next-generation broadcast specifications around the
world focus on two codecs to distribute multichannel
surround sound: Enhanced AC-3 and aacPlus. Both
codecs support surround sound configurations of 5.1
and more at very efficient bit rates. While aacPlus
can make use of the mixing metadata defined in [6],
Enhanced AC-3 comes with its own set of mixing
metadata that is contained in the associated audio
stream. This brings many advantages, including the
ability to include the associated audio stream as an
independent substream with the main audio service,
all signaled in the transport stream under the same
Audio-PID.



2, AUDIO DESCRIPTION AS A
STANDARD REQUIREMENT FOR
NEXT-GENERATION BROADCAST
RECEIVERS

In many countries, broadcast services for visually
impaired audiences are becoming mandatory, and are
provided mostly through an associated audio stream
containing both the main audio mix and an audio
description soundtrack. Preparation of the AD track
is time-consuming in post production, and requires
approximately the same bandwidth on the
transmission path as the main audio stream.
Enhanced AC-3 offers a more efficient alternative.

By integrating a mixing module with the audio
decoder in a broadcast receiver device such as a set-
top box or television set, Enhanced AC-3 enables bit-
stream mixing in the discrete cosine transform (DCT)
domain. This allows mixing an associated audio
stream of up to 5.1 channels, as well system sounds
and interactive audio of up to 5.1 channels, with the
main audio service implemented on the audio
decoder level. User level adjustment parameters
enable the user to control the balance between main
and associated audio in the overall output.

Such a mixing module could enable a variety of new
features such as audio description via text-to-speech
rendering, which many European public broadcasters
employ for director’s commentary with video-on-
demand services. It could also enable the playback or
generation of interactive sounds on the set-top box,
with the resulting audio signal provided via both two-
channel outputs and digital IEC 61937 interfaces
(S/PDIF or HDMI). It would also assist broadcasters
such as SVT in Sweden who are looking into offering
an associated audio track derived from a text-to-
speech engine, which could allow a dramatic increase
in programming with AD services.

3. RECEIVER MIX VS. BROADCAST MIX

Audio description has long been provided by
broadcast services. The PAL system, for example,
makes it possible for the second FM sound sub-
carrier, otherwise used for the right channel in stereo
transmissions, to carry an alternative version of the
main soundtrack carried on the first FM sub-carrier,
While this “broadcast-mix” approach limits the
transmission to mono main and associated audio
soundtracks, it is an efficient way to provide a basic
service for the visually impaired. Figures 1 shows the

symbol used by European broadcasters to mark
transmissions offering Audio description.

Figure 1: Symbol used by European broadcasters
for transmissions offering audio description (AD)

This broadcast-mix approach, whereby the main and
commentary tracks are mixed in postproduction prior
to transmission, was carried over into digital
television DTV systems because early receivers
offered only basic functionality, and the sources for
digital transmissions were often still stored on analog
media. It is also similar to that taken by the NTSC
system where a secondary audio program (SAP)
carries a pre-mixed version of main and audio
description tracks as a mono signal. However, due to
the affiliate broadcast structure in the US, at times
technical impediments interfere with passing through
a SAP signal on cable and satellite systems, making
the service less accessible to viewers.

In Germany, public broadcasters offering a large
portion of their programming with audio description
services are facing the challenge of continuing to
distribute their AD service “analog-style”, i.e. leaving
main audio on the left channel and AD audio on the
right channel of what is basically the main broadcast
audio track carried as a stereo signal but signalled as
“dual-mono”. This requires broadcast receivers to
pass only the left channel or right channel to their
audio outputs. However, since this is not a
requirement within DVB, which mandates that
different audio services be transmitted and signaled
using different audio-PID, receiving and recording
these services becomes a major challenge.

To this date, transmitting audio description services
in the form of a broadcast mix is standard practice in
many parts of the world. Efforts to offer a more
efficient way to provide services for the visually
impaired in the form of a “receiver-mix” approach
have cumulated in the creation of a specification that
is now part of DVB.

Annex E of [2] describes a basic approach to transmit
an isolated mono signal containing the description
track alongside the main soundtrack as a separate



bitstream. A suitable broadcast receiver can then
perform the mixing of the main soundtrack with the

commentary track in the device itself, hence the term
receiver mix.
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Figure 2: 2-channel Audio description as defined for DVB receivers in [2]

Figure 2 shows a diagram of the DVB approach. The
DVB specification limits the associate audio stream
to mono. While this approach is very valid to offer
basic receiver-mix functionality to offer audio
description services, it does not take into account
other features that the mixer component in a
broadcast receiver could support, such commentaries
by several voices, or multichannel system sounds that
could be overlaid onto a multichannel main
soundtrack. The design of an enhanced mixing
engine that supports these extended features is
discussed in the next chapter.

4. PROPOSAL OF A NEW MIXING
ARCHITECTURE

This chapter describes in detail a decoder-mixer-
converter (DMC) for use in broadcast applications
such as set-top boxes. The mixing of substreams with
the main broadcast audio enables services such as
audio description for the visually impaired or
director’s commentary, while at the same time
maintaining the highest possible bandwidth
efficiency.

Substream mixing negates the need for broadcasters
to transmit several final mixes to support multiple
audience preferences. It is necessary only to add low-
bandwidth substreams containing the additional
information along with mixing metadata that
determines how the substream is combined with the
main broadcast audio track in the receiving device.

There is strong demand for this feature from public
broadcasters in Europe, and it can add another
differentiating feature to broadcast devices that will
help to drive the success of next-generation digital
television services around the world.



Audio Service Codec Substream usage Channel configuration
Main AC-3 N/A Up to 5.1 channels
Enhanced AC-3 Independent substream 0 Up to 5.1 channels
aacPlus N/A Up to 5.1 channels
Associated

Delivered in same
bitstream as Main audio
service

Enhanced AC-3 (main audio
must be AC-3 or Enhanced-
AC-3)

Independent substream 1
Independent substream 2
Independent substream 3

Up to 5.1 channels

Delivered in separate
MPEG-PES

Enhanced AC-3 (main audio
must be AC-3 or Enhanced

Independent substream 0

Up to 5.1 channels

AC-3)

aacPlus
(main audio must be
aacPlus)

N/A

Table 1: Input formats for a proposed multichannel mixing device

Table 1 shows input formats to such a mixing engine
that represent the predominant multichannel audio
formats in current and next-generation broadcast
systems,

This DMC design supports mixing one main audio
service with one associated audio service. The
associated service can be delivered in the same
Enhanced AC-3 bitstream as the main  service
through the use of an additional independent
substream, or as an Enhanced AC-3 bitstream carried
in a separate MPEG PES stream,

Broadcast Receiver Device: Syalem Level

MPEG Ay User bevel Audin
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Figure 3: The structure of the decoder-mixer-
converter (DMC)

In the case of aacPlus, the associated audio service
can be delivered as an aacPlus bitstream carried in a
separate MPEG PES stream. Information on the type
of associated audio service is carried in the Enhanced
AC-3 or aacPlus Descriptor that is found in the
program map table of the incoming MPEG-2
Transport Stream.

Each Enhanced AC-3 or aacPlus bitstream used for
the broadcast service has an identifying descriptor
which the broadcast receiver device uses to inform
the user which associated audio services are
available. When the user selects a desired service, the
DMC in the broadcast receiver device demultiplexes
it from the MPEG transport stream.

Example 1

The user selects an associated audio service being
carried in a separate MPEG PES associated with the
main audio service through its Enhanced AC-3
descriptor. The broadcast receiver demultiplexes both
Enhanced AC-3 streams from the broadcast transport
stream, and passes them to both inputs of the DMC.
The DMC receives information on the user’s stream
selection from the system layer of the broadcast
receiver device and activates both inputs, then
decodes and mixes the two streams. The mixing
metadata is carried in the Enhanced AC-3 bitstreams
containing the associated audio track.
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Figure 4: DMC with inputs for multichannel system sounds

This configuration supports mixing of one main
audio service with one associated service, plus an
additional input for system/interactive sounds which
are be stored locally in the set-top box device.

The associated audio service can be delivered in the
same Enhanced AC-3 bitstream as the main audio
through the use of an additional independent
substream, or can be delivered as an Enhanced AC-3
bitstream carried in a separate MPEG PES stream.

Information on the type of associated audio service
being delivered is carried in the Enhanced AC-3
Descriptor that is found in the program map table of
the incoming MPEG-2 Transport Stream. Each
Enhanced AC-3 bitstream present in the broadcast
service has an Enhanced AC-3 descriptor associated
with it,

The broadcast receiver device uses the contents of
each descriptor to inform the user of which
associated audio services are available. The user
sclects the Enhanced AC-3 bitstream or substream
carrying the desired associated service. In the case of

aacPlus, both Main and Associated Audio services
must be carried separate MPEG PES bitstreams.

System/interactive sound samples can either shipped
with the broadcast devices, or in the case of a DVR,
pushed to the device as data files contained in the
MPEG transmission transport stream. This provides a
very efficient way to supply high-end customers, who
have multichannel home cinema systems and don’t
use two-channel analog outputs, with the same or
even more exciting system sounds that can be mixed-
in with the 5.1 broadcast audio.

5. PREREQUISITES FOR THIS NEW
MIXING ARCHITECTURE

Support for multichannel mixing and enhanced
features such as system sounds in surround call for
significant changes in the audio decoder structure of
broadcast receiver devices. Many next-generation
audio codecs have been designed with these new
requirements in mind. One of the two codecs









7.2. Impact on Consumer Products and
Listening Environments

A new audio codec should offer performance
improvements for the consumer, while ensuring
simple integration into the current consumer listening
environment, and offer flexibility for future
developments in consumer product enhancements. To
ensure a consistent listening experience for all
consumers, a new audio codec should meet the
following requirements:

* Decoders must maintain compatibility with existing
consumer A/V receivers and IEC 61937 interfaces
when delivering discrete 5.1-channel content, without
introducing excessive complexity to the decoder
design.

* All decoders must be able to receive and decode
multichannel audio services to deliver either a matrix
surround, stereo, or mono downmix as required,
removing the need for audio simulcasting (the new
audio codec should not remove the possibility of
audio simulcasting, only the need).

* Decoder complexity should be in line with current
designs for an equivalent feature set.

« Metadata created during the production process
must be supported by all decoders. If it is not, the
benefits of using metadata are usually lost.

* The new codec should be compatible with emerging
and future digital interface standards without
introducing excessive complexity to the decoder
design.

» Licensing costs and terms in line with existing
audio codecs.

8. MEETING THESE REQUIREMENTS

In consideration of these requirements, Dolby
developed Enhanced AC-3 (Dolby Digital Plus) for
use in next-generation applications. This coding
scheme has already been included in [5] and has been
selected as mandatory technology for HD DVD
players and as optional technology for Blu-ray Disc
players. The scheme has also been standardized by
DVB for next- generation broadcast and IPTV
services in [2] and [4][4].

Enhanced AC-3 is well suited in applications that
include lower data-rate carriage of audio and its

conversion to the AC-3 coding standard for playback
on today’s installed base of audio/video
entertainment equipment. It also supports combining
streamed content with a main audio program in
interactive multimedia; the reproduction of greater
than 5.1 channels for playback of both existing and
future cinema content; and the efficient transcoding
of AC-3 program content to lower data-rate
Enhanced AC-3 bitstreams, and conversion back to
AC-3 for playback on the very large installed base of
consumer Dolby Digital decoders.

8.1. Compatible Lower Data-Rate Carriage

Growing number of applications not only require
lower data rates, but also compatibility with the
existing  broadcast-reception and audio/video
decoding infrastructure.

The Enhanced AC-3 system is an excellent solution
for these applications because of its inherent lower
tandem coding losses compared to AC-3 and its
greater coding efficiency provided by new coding
tools. This results in minimizing quality losses when
large content libraries are transcoded to other formats
for IPTV or other advanced service environments.
To ensure compatibility with the large installed base
of Dolby Digital decoders, Enhanced AC-3 enables
low-loss conversion to standard AC-3 over a digital
audio interconnect such as S/PDIF and decoding by a
standard Dolby Digital decoder.

The conversion stage is a special form of transcoder
that minimizes quality degradations resulting from
tandem coding losses, which is possible by using the
same filterbank, transform block alignment, bit-
allocation process, and basic framing structure as
conventional AC-3.

8.2. A Next-Generation Broadcast Receiver
Device

The next-generation broadcast receiver application is
very similar to the conventional AC-3 reception
paradigm, except the need for greater video channel
capacity for HDTV services requires the transmission
of audio programming at lower data rates than AC-3
applications. Traditionally, AC-3 has been deployed
at 192-256 kbps for stereo and 384448 kbps for 5.1-
audio applications. The use of the new coding tools
in Enhanced AC-3 allows for lower data rates while
permitting efficient conversion to a conventional AC-



3 bitstream at 640 kbps for tested compatibility with
existing home theaters. Figures 1 through 4 show the
different configurations and use cases of this
converter/decoder.
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Figure 5: Scenario 1: Broadcast receiver device
decoder-converter: Enhanced AC-3 input signal,
S/PDIF connection (mixed or unmixed)

In scenario 1, the Enhanced AC-3 decoder-converter
converts an incoming Enhanced AC-3 signal into a
standard AC-3 signal at 640 kbps for output over
[EC61937 interfaces. This conversion maintains all
metadata information within the Enhanced AC-3
bitstreams and passes it on to the AC-3 bitstream.
Channel configurations between mono and 5.1
remain unchanged. If the incoming audio had a 7.1-
channel configuration, the decoder-converter would
extract the 5.1-channel core from the signal and pass
it on as AC-3 in a 5.1-channel configuration at 640
kbps.
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Figure 6: Scenario 2: Broadcast receiver device
decoder-converter: AC-3 input signal, S/PDIF
connection (mixed or unmixed)

In scenario 2, the Enhanced AC-3 decoder-converter
acts as a standard AC-3 decoder and provides a two-
channel downmix from the incoming audio while
simultaneously passing the incoming stream to the
IEC61937 interfaces unchanged as the AC-3
multichannel decoding capability can always be
assumed in any digital A/V receiver.
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Figure 7: Scenario 3: Broadcast receiver device
decoder-converter: Enhanced AC-3 input signal,
HDMI connection (mixed or unmixed)

Scenario 3 is only possible in a situation where the
multichannel home theater device supports internal
Enhanced AC-3 decoding. In this case, no conversion
is necessary and the set-top box passes the Enhanced
AC-3 stream unchanged while simultaneously
creating a two-channel downmix for its stereo
interfaces. This scenario enables the use and
playback of 7.l1-channel configurations. A/V
receivers that feature HDMI input without internal
Enhanced AC-3  decoding capability  will
automatically communicate this to the set-top box
device via the negotiation protocol on the HDMI link.
Hence, the Enhanced AC-3 decoder-converter will
automatically provide a standard AC-3 bitstream on
the HDMI interface.
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Figure 8: Scenario 4: Broadcast receiver device
decoder-converter: AC-3 input signal, HDMI
connection (mixed or unmixed)

Scenario 4 replicates scenario 2 with the exception of
an HDMI interface connection between the set-top
box device and the A/V receiver. There is a standard
AC-3 input signal in both cases.
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Figure 9: Scenario 5: Broadcast receiver device
decoder-converter: aacPlus input signal, S/PDIF
connection (mixed or unmixed)

The devices shown in Figure 5 through Figure 9
accept both the Enhanced AC-3 and AC-3 bitstreams
and always output the appropriate version of AC-3
for the respective A/V receivers as the consumer
switches programs within the TV service. The greater
efficiency of the Enhanced AC-3 system allows for a
greater number of programs within the broadcast
system, while preserving full functionality for legacy
receiver hardware and enabling new and extended
functionality for new receiver hardware.

9. CONCLUSION

Audio description services are becoming a standard
feature on next-generation broadcast platforms. Some
European countries even mandate AD services on an
increasing number of programs offered by
broadcasters, operators and programmers. This paper
shows how the support for these services through an
enhanced mixing module integrated into a
multichannel decoder for next-generation broadcast
codecs used in broadcast receivers offers features that
go beyond the mandate. These new features offer full
home cinema compatibility and therefore enhance the
entertainment experience for all audiences.

At the same time, 5.1 surround sound is an important
component of the HDTV experience. Existing
MPEG2-based HDTV services in the U.S., Europe,
and Australia already offer 5.1 surround sound using
Dolby Digital technology as documented by DVB
and ATSC. With the move to next-generation video
coding systems, broadcasters and operators also have
many new requirements for audio delivery. This
paper shows how new features of the Enhanced AC-3
aacPlus systems meet these requirements while also
maintaining compatibility with the more than 40
million existing consumer home cinema systems.
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Appendix B

European HD Specifications:

UK D-Book v

6.2.1(*) M (22.3.1.4) M (4.5.5) | Single PID and Dual PID
Italy HD-Book M

v2.0 M (6.1.1.1) (6.1.1.1) | Single PID and Dual PID
France HDForum O Single PID and Dual
v2.5e 0 (4.7) M (4.7) PID

Ireland v2.0 0 (5.3.7) 0 (5.3.7) Single PID
Nordig v2.2(*) O (6.2.5) Annex F

EBU Tech 3333(*) 0 (5) 0 (5)

(*) indicates updates are in progress
O indicates Optional
M indicates Mandatory




